It is a matter of common observation that lignified plant materials are more slowly and less extensively decomposed than unlignified materials. Lignin, though not wholly unavailable, is utilized far less readily than the other cell-wall constituents, even under the most favorable circumstances. Plant tissues cannot be regarded as simple mixtures of organic compounds. The cell-wall fabric, though predominantly cellulosic, is a structure both infiltered and incrusted with lignin and polyuronide hemicelluloses, the presence and distribution of which may reasonably be expected to influence the extent of attack on the cellulose. The effects may not be directly proportionate to the amounts of the other constituents present. In general, however, above a certain point, the extent to which plant materials decompose decreases as the lignin content increases. Such a material as coir fiber, with a lignin content of over 35 per cent, is quite resistant even though the major constituent is cellulose. Olson, Peterson, and Sherrard (1937) examined the effect of the presence of lignin in wood pulps and similar products on the fermentation of the cellulose by thermophilic enrichment cultures. In order to obtain extensive fermentation (85 per cent or more), the lignin content had to be less than 1 per cent. The presence of 2-4 per cent lignin in pulps reduced the amount of cellulose fermented to 50-60 per cent. The addition of isolated lignin, or lignin-containing materials such as ground wood, did not interfere with the fermentation of pure cellulose. They concluded that the effect produced by the presence of lignin is not physical but due to chemical union between lignin and cellulose.
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In the experiments reported herein the availability of cellulose in a series of jute preparations delignified to different degrees was determined. Organisms, the behavior of which on filter paper and cornstalk cellulose had previously been determined (Fuller and Norman, 1943) Decomposition ofjute preparations. The effect of the ethanolamine treatments in accomplishing lignin removal may be seen from table 1. The polyuronide hemicelluloses, of which no direct measure can be obtained, are also extracted by this reagent. The yield of furfural, not from cellulose, may be taken as an indication of the amount of this constituent present in each sample. Sample 6 was the untreated jute fiber and sample 1, the jute cellulose, which contained about 15 per cent xylan. It will be noted that concurrently with the removal of lignin, polyuronide hemicelluloses were also extracted.
The results of the decomposition studies are presented in tables 2-5. The cellulose removed of course accounts either for all or for the major part of the loss suffered by the preparations if decomposition was extensive. It should be pointed out that the figure for cellulose removed includes the xylan present as cellulosan. In the last two columns, however, the per cent decomposition of the hexosan and pentosan components of the cellulose are given separately. These are calculated on the amounts of each present in the preparation (see table 1) and not on 100 g. of the sample. The purpose of this is that a basis of comparison is provided with the studies on cornstalk cellulose reported previously (Fuller With A. picrum the extent of decomposition of the isolated jute cellulose was little, if any, greater than that of the untreated fiber, but the partially delignified samples were attacked to a considerably greater extent. This organism had previously been shown to utilize 30-40 per cent of cornstalk cellulose and 25 per cent of filter paper cellulose in a shorter period. Its restricted behavior on jute cellulose is, therefore, difficult to explain. The lignin content of the partially delignified samples did not seem to have much influence on the extent of their decomposition. In all cases, however, the xylan contributed disproportionately to the fraction removed.
The remaining organism, B. aporrhoeus was the least vigorous of the four, and, like A. picrum, found the isolated jute cellulose scarcely more available than the untreated jute fiber. Again, the lignin content did not appear to affect the limited amount of decomposition effected. The hexosan component of the cellulose suffered only small loss. Much of the material removed could be accounted for as xylan in the cellulose or as polyuronide hemicellulose.
DISCUSSION
The scope of these experiments is not great enough to allow of broad generalization. It is clear, however, that the presence of lignin substantially reduced the extent,of the attack on the cellulose of the jute fiber that could be accomplished by the two vigorous cellulose-decomposing organisms. Whether the approach of partial delignification followed in this work is entirely satisfactory as a means of studying the effect of different lignin levels is not certain. A comparison of the behavior of preparation 5 which contained 11.9 per cent lignin with that of the untreated jute fiber containing 12.6 per cent lignin suggests that there may be an effect on availability caused by the treatment given in delignification but separate from that due to the removal of lignin. The cellulose of preparation 5 was distinctly more available to all organisms than might have been expected, solely as a result of the removal of 0.7 per cent of lignin. The treatment concurrently removed about one-fourth of the polyuronide hemicelluloses, the loss of which, if it affected the extent of decomposition at all, would do so in the opposite direction.
The two less vigorous cellulose-decomposing organisms did not seem to be much affected by the amount of lignin present. Both utilized the xylan component of the cellulose to a disproportionate degree. It is not difficult to reconcile the fact that the presence of lignin appeared to exercise a greater effect on the vigorous organisms than on those which were not particularly effective in the utilization of jute cellulose if the composite structure of the lignified cell wall is borne in mind. The production of extra-cellular enzymes by cellulose bacteria seems to be restricted. No authentic reports of the hydrolysis or dissolution of cellulose by cell-free suspensions have been given. It has often been remarked that the organisms appear to have to be in contact with the fibers if extensive decomposition is to occur. Photographs of decomposing fibers show a heavy distribution of organisms on and through the fiber (for example, see Stanier, 1942) . The distribution of lignin in lignified cell walls is such that the amount of cellulosic surface exposed to attack is reduced. Ball-mill grinding, as studied by Olson et al. (1937) would rupture the macro-cellular structure of a tissue or fiber, but still would not much change the micro-structure or alter the fact that the lignin and the cellulose are interpenetrating systems. It does not therefore seem necessary to conclude that lignin must exercise its effect in reducing the availability of cellulose because its exists in a chemical union with the cellulose, but simply that contact between organisms and cellulose surfaces with consequent production of extracellular enzymes is hindered. Our previous studies showed that unspecialized and specialized cellulose organisms vary considerably in ability to utilize pure unlignified cellulose. The variation is more probably due to differences in the amount and activity of the extra-cellular cellulose systems produced than to varying abilities in the utilization of the soluble products produced thereby. It is likely that the extent of decomposition of the jute preparations produced by the less vigorous organisms was limited more by the inadequacy of the enzyme system to bring about rapid decomposition than by the presence of lignin. The more vigorous organisms, on the other hand, were prevented by lignin from full access to all the cellulose and, therefore, though capable of decomposing almost completely the isolated jute cellulose, the extent of attack was diminished at the higher lignin levels. Our explanation of the effect of lignin on cellulose availability is therefore primarily a physical one.
SUMMARY
The effects of the presence of lignin on the utilization of cellulose by four aerobic cellulose-decomposing bacteria has been determined. A series of preparations with decreasing lignin content was obtained from jute fiber by treatments with monoethanolamine. The extent of decomposition accomplished by the vigorous organisms, Pseudomonas ephemerocyanea and Sporocytophaga myxococcoides, increased as the lignin content was reduced. Less vigorous organisms, such as Achromobacter picrum and Bacillus apporhoeus were little affected by the lignin content of the substrate. Both utilized the xylan component of the cellulose disproportionately.
Because lignin and cellulose in the cell-wall form interpenetrating systems, the effects of lignin in reducing the availability of cellulose, are probably mainly physical.
